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1 • INTRODUCTION 

The Airborne Visible/Infrared Imaging Spectrometer (AVIRIS) measures reflected light in 

( 2 ^S U E^S C ^7rN ^ ** 0 4 h° 2 f m regi0n 0f tJie electromagnetic spectrum 8 
(rater and Enmark, 1987). Numerous studies have used these data for mineralogic identification 

and mapping based on the presence of diagnostic spectral features. Quantitative Lipping requires 
conversion of the AVIRIS data to physical units (usually reflectance) so that a^SresuTte tS 

ifTnumr! va ^kted w,th field md kboratory measurements. This study evaluated two 
different AVIRIS calibration techniques to ground reflectance; an empirically-based method and an 
atmospheric mode based method to determine their effects on quantitative scientific analyses 

^ were a PPHed to both calibrated data sets to 
resntiTT^n/ J callbratlon on ** mineral identification and quantitative mapping 
f, e Unage ' nia P results ^ “age reflectance spectra indicate that the 
model-based calibrated data can be used with automated mapping techniques to produce accurate 
maps showing the spatial distribution and abundance of surface mineralogy This has positive 
implications for future operational mapping using AVIRIS or similar imaging spectrorate^data 
sets without requiring a priori knowledge. 8 W ^ 

2. The Drum Mountains Site 

The Drum Mountains, located in the semi-arid terrain of west-central Utah were selected 
for smdy becau* of 0* good exposure of direr* rock lypes and alien,,™ 

H fU,C 3163 ,S Wdl docume nted (Baily, 1974; Lindsey, 1979). Extensive amounts 

^^o!£tSToL^ e ^ dgrOU H d ', b ^ ** including ground spectral measurements have 
been coUected from all rock units and alteration types, and many rock and soil samples have been 

anal yz ed in the laboratory. Rocks exposed in the study area include limestones, dofomites and 
shales winch overlie a heterogeneous sequence of quartzite and argillite. Volcanic rocks 
hydrothermally altered in places, occur in fault contact and overlying the sedimentary units and 
some carbonate rocks adjacent to the volcanics have been bleachL L re ^sS C "t 

study area hlSm ^ reSUlted m deve,0 P ment of calcsilicate mineralization in the central part of the 

3. Calibration of AVIRIS data 

3.1 Empirical Line Method Calibration 

A lS S fvmT d ito,Cd “ ap T Cm reflec,ance usin8 em P ir i cal line 

memoa (Koberts et al„ 1985). AVIRIS radiance spectra for ground targets were used in a linear 
s2S 10 ™s C methL te COefflC,entS 10 ll " ear| y transform the aircraft spectra to match the ground 
acqmred for both hghStok ground ta^G^^ 

22T - off “ - 
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m otber A :SaUo"te C ch^e1S d 

^SsS^sSSsss^ • ■ - 

ribands we. caicutatedforv ^^^^ 

sns s .^TtS ^ 

irsr^^ 002 - 

03 N20. CO, CH4. and 02 using £ = Matans "^-^^^^ s P Btal ware, 


4. Comparison of Calibration Results and Scientific Validation 


The results of the two SEd Sd SSJSy spectra. 

AM spectra and absorpuon features^^ and2. pm ^ were obserV ed for several 

suppressed as compared to P^ r i m |thods. Initially, the suppression of the 0.9 

AM method that most materials are ^spec y ban(J ^ resulting spectra were virtually 
data were recalibrated using only the 1. pm ^ attributed to some other 

^ ,n f»“,^ ,s enirreretug *e ^npUon bmids 

rather than the AM method suppressing them. 

42 ^flg^" K E ^ 

S^ie is m tremlcb pixel individuaUy and, ££,X*wS» Ihe 

« of a Sing, e image fo, each 

endmember showing ihe depee of mad iB ^ AVDUS daia using Ibe expert 

While the indicate that to the first order the mineralogy being mapped using the 

units (Tremper, 1991) indicate mi to tne iusi o u relate(J 6 to ^ relatively low signal-to- 

imag'ng spedxomet^is ac i' • mlneralogical resulls were obiained using 

*S 2 ZL. Z expen system results ftom ihe AM data were 
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Figure 1 . Comparison of an EL calibrated and AM calibrated spectrum for the 

same pixel to a field spectrum. Portions of the AVIRIS spectra in the 
atmospheric water bands have been masked. 



noticeably noisier, however, as would be expected based on the previous descriptions of how this 
calibration suppresses absorption features. 

4.3 Linear Spectral Unmixing 

Spectral mixing is a consequence of the mixing of materials having different spectral 
properties within the ground field-of-view (GFOV) of a single image pixel. Boardman (1992) 
addressed the mixing problem using singular value matrix decomposition (S VD) to linearly unmix 
AVIRIS data. This technique assumes that most mixing is on the macroscopic scale, and thus 
linear. To the first order, this model appears to adequately represent the surface geologic conditions. 

Linear spectral unmixing was applied to each of the calibrated Drum Mountains AVIRIS 
data sets using endmember spectral libraries derived from the two calibrated data sets using the 
expert system. The output of the unmixing process was an image data cube of endmember 
abundances, an abundance sum image, and a root-mean-square (rms) error image. Interactive 
analysis of these images showed that each library explained most of the spectral variation in the 
Drum Mountains AVIRIS data in its respective calibrated data set In general, similar results were 
obtained using both the EL and the AM calibrations. The locations and relative abundances of 
specific minerals were very similar (see Slide 4). There were some obvious differences between 
the images. For example, the two "illite" images show differences in absolute abundances. The 
EL image shows a crescent shaped area of high concentrations (yellow) along the right edge of the 
image. The AM image shows a similar shaped area, however, the concentrations are somewhat 
lower (purple and blue). These differences are attributable to degeneracy of the AM spectral 
endmember library caused by increased similarity of spectra by suppression of spectral features. 

5. DISCUSSION AND SIGNIFICANCE OF THE RESULTS 

Comparison of reflectance spectra and derived thematic maps from the empirical- vs 
model-based calibrations demonstrated that both data sets contained basically the same 
mineralogical information about the ground surface. The empirical line method, however, 
emphasized mineral absorption features, thus it was better suited to analysis using absorption- 
feature-based techniques. In particular, more consistent results were obtained when this reflectance 
data was analyzed using an expert-system approach. While similar endmember spectra were 
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identified using the atmospheric model, suppression of the absorption hands in the AM calibrated 
data (relative to the EL data) caused less effective mapping of spectral variation. Once unique 
endmember spectra were identified, however, linear spectral unmixing worked equally well on both 
calibrated data sets, producing very similar results. 

The significance of this research is that it demonstrates that a model-based calibration 
method for imaging spectrometer data requiring no a priori knowledge can be used to produce 
reflectance data for quantitative scientific analysis. This achieves the goal of being able to extend 
analysis techniques developed for analysis of one area to analysis of a second, unknown area. With 
the advent of imaging spectrometers, model-based calibration methods, and the quantitative 
techniques outlined here, imaging spectrometers can be used to extract ground surface 
characteristics without having to first conduct a field survey. 
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